We report the first observation and the analysis of the LED light emission from the space to the ground. A small cube satellite mounted LEDs (Light Emitting Diodes) is released from the ISS (International Space Station). The power density of the LED emission of 4W on the ground is about 4 × 10 −12 W/m 2 in average, which is equivalent to the star of the 8.5th grade in average. The frequencies of the macro pulses (10Hz) and the micro pulses (5kHz) of the LED signal, were correctly clarified using the Fourier analysis. As the optical communication experiment, the potentiality of the data transmission rate of more than 1 kbit/second was shown. C 2013 Author(s) 
I. INTRODUCTION
We report the first emission of the artificial visible LED (Light Emitting Diodes) light in the space use and the observation and the analysis of them on the ground.
Recently, LEDs have been used in many fields, such as the illumination, traffic signal and a light source for the optical communication, and light intensity of LEDs has been increased abruptly. LEDs are by no means a revolutionary light source comparing to the filament bulbs and the fluorescence bulbs. The LED lights is considered to be a "quantum" light and essentially have the characteristics of high efficiency, fast response and long life time. They are considered to be the light source in the next generation. This is one of the reasons, why we have chosen the LEDs for the light source of our experiment.
We have developed a small cube satellite 1 named FITSAT-1 2, 3 mounted with many high brightness LEDs and released it from the ISS (International Space Station) to illuminate them in the space. There have been another two planes to mount LEDs on a small satellite, one in Japan 4 and the other in Korea, 5 but they have not been realized until now. Scientific usage of an infrared laser (800nm) was reported for the inter-orbit optical communication. 6 In this paper, we report the successful transmission of the visible LED light from the space to the ground and identification of them using Fourier analysis in order to demonstrate the first transmission of visible light from the space to the ground and consequently to demonstrate the feasibility of the optical communication between the cube satellite and the ground station. Figure 1 shows a small cube satellite mounted high brightness LEDs (code name: FITSAT-1, nickname: "NIWAKA"), which was released from the ISS (International Space Station) on October power: 13W in average, micro pulse power: 44W) and about 120 degrees, respectively. The total number of LEDs is 50. passively controlled making use of the function of the magnetic compass induced by a permanent magnet in the satellite and the geomagnetism. The axis of the magnetization of the magnet is parallel to the axis of the emission of the LEDs. Therefore, at the point of observation (Fukuoka, Japan), the axis of emission is inclined about 47 degrees from the horizontal surface, which is the angle of geomagnetic inclination at this point. Due to the wide range of the divergence angle of LEDs, the light is spread over the area shaped like an ellipse with the minor diameter of more than 1000 km on the ground. The power density of the LED emission on the ground is estimated to be about 4 × 10 −12 W/m 2 in average. It is equivalent to the star of about 8.5 th magnitude. The light signal was collected by a telescope with the aperture diameter of 0.25m, and it was detected by a photo detector (photomultiplier HAMAMATU, R329-02) after passing through an optical band pass filter (central wave length: 520nm, band width: 20 nm). 7, 8 The optical sight angle, which is determined by the focal length of the telescope (1.2m) and the aperture size of the photo detector (0.02m), is calculated to be 0.17 radian.
II. FITSAT-1

III. EXPERIMENT
As shown in Fig. 3A , the LED emission signal consists of the pulse train of 10Hz (duty ratio: 30 %), and each macro pulse is modulated at 5kHz. Flashing frequency of 10Hz was chosen to increase the visibility for the human eyes. 9 The whole length of the pulse train is 120 second. Figure 3B shows the output signal of the photo detector recorded by the data logger. Whole length of the signal is 1 second. The sampling rate was 1 Mbit/second. The signal of about 20mV was in good agreement with the theoretically calculated value, which is obtained by the LED power density on the ground, collecting area of the optics and the sensitivity of the photo detector. In spite of large noise signal, small periodical LED light signals can be seen every 100ms.
Even at the observation site, which was in a mountain area far away from big cities, the largest noise source was the stray light from the sky, which is considered to be mainly the reflection of the artificial light by the aerosol in the air. The dark current of the photo detector was not the essential noise source and about 1/30 of the stray light noise. Figure 4A shows the FFT (First Fourier transform) spectrum of the temporal signal shown in Fig. 3B . The central frequency of the spectrum can be seen clearly at 5 kHz, which is in good agreement with the modulation frequency of the macro pulse. The whole spectral width of about 30 Hz can be explained using the pulse width of the macro pulse (30ms), and calculated to be FIG. 5 . FFT spectrum of signal of the photo detector. Even for the data length of 1ms, the spectrum peak at 5kHz can be clearly seen.
the inverse of this value. The free spectral range of 10 Hz in the frequency space is explained by the period of the macro pulse (0.1 second), and calculated to be the inverse of this value. The spectral with of fine structure (about 1Hz) is explained using the whole temporal length of the signal (1second), and calculated to be the inverse of this value.
In spite of the poor S/N of the original temporal waveform of the optical signal shown in Fig. 3B , all of the temporal configurations have been clarified clearly by use of Fourier analysis.
In Fig. 4B , time series decomposition of the FFT power spectrum of the photon signals is shown. Each plot is the peak value of FFT power spectrum at 5kHz for the data length of 10ms. Periodical pulse train of 10Hz can be clearly reconstructed. Whole pulse duration of about 1 second is determined by the time in which the FITSAT-1 passes through the sight area of the telescope.
The data length for Fourier analysis was shortened down to 1ms to find the minimum data length by which the spectrum peak of 5kHz appears. Figure 5 shows the results of Fourier analysis for shorter data length (1ms, 2ms, 5ms, and 10ms). The data arias were set in the range of the macro pulse, where the signals exist.
It can be seen that the spectrum width becomes wider inversely proportional to the data length in accordance with the Fourier transformation theorem, as the data length becomes shorter.
Even for the data length of 1ms, the spectrum peak at 5 kHz can be clearly observed. It means that this original optical signal can be read clearly every 1ms interval, and consequently the data transmission rate of as short as 1kbit/second is possible. Moreover, this analysis shows the potentiality of the data transmission rate of more than 1 kbit/second of this experiment.
IV. DISCUSSIONS
The following is the theoretical calculation about the expected signal transmission speed of the system used in this experiment. The LED power density measured at the point on the optical axis of the LED emission and being 540 km away from the satellite is estimated to be
The number of photons detected by the photo detector for one second is calculated to be
where s is the area of the collecting optics (4.9 × 10 −2 m 2 ), E is the photon energy for 520 nm (3.82 × 10 −19 J) and η is the quantum efficiency (conversion efficiency for the photons to the electrons) of the photo detector (0.11).
Considering that several photons are necessary to recognize the signal of one bit, the optical signal transportation system used in this experiment have the potentiality for the signal transmission speed of about 10kbit/sec. In Fig. 5 , the FFT power spectrum can be clearly seen, even the data length is as short as 1ms, which shows that the transmission speed of more than 1 kbit/second is possible, if the dark current of the photo detector and the stray light noise are small enough.
V. CONCLUSIONS
The first observation and the analysis of the LED light emission from the space to the ground are described. A small cube satellite named FITSAT-1 mounting LEDs (Light Emitting Diodes) is released from the ISS (International Space Station). The power density of the LED emission of 4W on the ground was about 4 × 10 −12 W/m 2 in average, which is equivalent to the star of the 8.5th grade in average. The frequencies of the macro pulses (10Hz) and the micro pulses (5kHz) of the LED signal, were correctly clarified using the Fourier analysis. As the optical communication experiment, the data transmission rate of more than 1 kbit/second was shown.
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